Horsehair or gordian worms are a group of parasites under phylum Nematomorpha. As compared to most other animal phyla rather little attention has been given to the taxonomy and biodiversity of this group. About 350 species of gordian worms have been described worldwide so far and descriptions of many species are either inadequate or incomplete. The projected global species diversity of Nematomorphs has been estimated to be around 2,000 species, and a more extensive taxonomic and biodiversity research on this group can fill up this vacuum. Of various genera in the phylum Nematomorpha, Chordodes constitutes as the largest group, comprising of about 96 species. The cuticle of Chordodes species is considered to be very complex, as it possesses several different shapes and sized structures called areoles. The highest diversity of areoles has been recorded in the genus Chordodes. To distinguish between the species of Chordodes, a range of morphological characters are used, however, what is considered to be more important is the shape and size of various types of areoles and their distribution pattern in different body regions. In the past, many Chordodes species were studied mostly by means of light microscopy (LM), wherein species descriptions and determinations were made on the basis of presence or absence of different types of areoles or their spatial distribution on body cuticle. However, using LM alone, the exact nature of the cuticular pattern of these areoles could not be elucidated sufficiently for many Chordodes species, which very often resulted into ambiguities and difficulties in their proper identification. In the recent years, scanning electron microscopy (SEM) has been applied to describe many Chordodes species and it has proven to be a useful tool to elucidate the fine cuticular armature of these worms in a more reliable manner. This article discusses the role of SEM in understanding the nature of various types of areoles present on Chordodes cuticle and their potential significance in taxonomic and biodiversity studies of this group.
INTRODUCTION
The phylum Nematomorpha (horsehair worms) comprises one out of three animal phyla specializing on a parasitic mode of life. This phylum contains two main groups: the freshwater hairworms or gordiids, comprising of nineteen extant genera, and the marine hairworms or nectonematids, with only a single genus. 1 2 While the gordiids parasitize terrestrial arthropods, such as mantids, beetles, crickets, etc., the nectonematids are parasites of marine crustaceans, such as such as crabs and shrimp. In their adult form, freshwater hairworms are found as free-living in puddles of water or other freshwater bodies, like ponds, lakes, streams, etc., with their body is usually found in a twisted or coiled position. Until about two decades ago, comparatively less information was available about the global species diversity of this group, however, in the recent years, many new Chordodes species have come to our knowledge from different regions of the world. [3] [4] [5] [6] [7] [8] To date, about 350 species of nematomorphs have been described worldwide, 2 and a large majority of them, i.e., about 99 species, have been reported from European countries. 1 2 While the majority, i.e., about 345 species of nematomorphs comprises the freshwater gordiids, only five species are marine, the nectonematids. 2 Chordodes constitutes as the largest and most diversified genus among phylum Nematomorpha, and approximately 96 species have been described in this genus so far. 2 A perusal of literature reveals that as compared to the other regions in the world (e.g., Europe, North and South America and Africa), comparatively less work has been done on Indian nematomorphs. 3 To date, only 18 species of nematomorphs have been reported from India, and of these, only four i.e., C. furnessi, C. mizoramensis, C. moutoni and C. lasuboni have been described thoroughly using scanning electron microscopy. 3 5 8 Since India is a large-sized country and is very rich in terms of biological diversity, it is assumed that the nematomorph fauna of India is under-sampled and several more new species of gordiids may come into our knowledge in the future. 3 The projected global species diversity of nematomorphs is estimated to be around 2,000 species. 1 However, it is believed that so far only about 18% of hairworm species have been described worldwide. 1 Several problems have been faced in bringing more nematomorph species into our knowledge. For example, the biodiversity of this group is believed to be restricted as, by and large, most freshwater gordiid species have been described based on random collections of single specimens. Further, from taxonomic point of view, to assign a nematomorph specimen to a new species is also considered difficult, as their adults possess rather limited number of taxonomically important characters compared to other organisms. 9 The species determination of these worms is mainly dependent upon the architectural details of cuticle which contains some specific shape and size elevated structures called areoles. 2 9 The highest diversity of areoles has been reported in the genus Chordodes. 10 11 Further, the cuticle of nematomorphs also shows variability in different regions of the body. Since nematomorphs are quite large in size (some can be up to 100 cm) it also poses additional difficulties to study the exact spatial distribution of different areoles throughout the entire length of body.
Although in the past, several workers have described various gordiid species using only light microscopy (LM), however, in many cases the LM has failed to resolve the finer details of worm's surface, and as a result many species were later found to be synonym to each other. 2 10 11 Therefore, for the documentation of taxonomically important characters, scanning electron microscopy (SEM) has now turned out to be the method of choice, because fine structural details of these worms can best be documented using SEM. 10 11 With the aid of SEM, it has become possible to elucidate the types of areoles and their spatial distribution on cuticle in a more reliable manner. In the recent past, SEM has successfully been applied for the species determination of many freshwater gordiids, as a result many more new Chordodes species have come into our knowledge. 
THE PATTERN OF CUTICULAR AREOLES IN CHORDODES SPECIES

Types of Areoles in Chordodes Species
As such, nematomorphs are considered to be relatively poor in characters which could be important for their species determination. However, most body characters, which are important taxonomically, are found on the cuticle in the form of different types of areoles. The differences among these areoles are sometimes so small that their reliable detection using light microscopy alone becomes very difficult and, therefore, SEM has emerged as a useful tool in the descriptions and reinvestigations of many Chordodes species. The areoles in Chordodes species may be of different types. 11 Schmidt-Rhaesa et al. 11 have provided a detailed account of various types of areoles and their distribution pattern that have been recorded in different Chordodes species. 11 Some of the major types of areoles that may be present on Chrododes cuticle are as follows:
Simple Areoles
These are simple elevated structures above cuticular surface (Figs. 1(a), (b)) and are the most abundant type of areoles. As compared to other types of areoles, they are much flatter, but depending upon their height, they may take a very flat to semi-spherical shape. Simple areoles vary in shape and may be oval, round, polygonal, horseshoe-shaped or also have an almost square circumference (Figs. 1(b), 3(d)). Likewise, their surface may be smooth or irregularly structured. In several Chrododes species, simple areoles may have a warty surface and has been called as "blackberry areoles." Some Chordodes species possess short, while others rather long bristle-like projections on their apical surface. The pattern of simple areoles may vary from species to species. In addition, a sexual dimorphism may also be observed in their structures or distribution patterns in some Chordodes species. 
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Tubercle Areoles
These areoles (Figs. 1(c), (d); 2(c)) are more or less like simple areoles, however, they possess a prominent fingerlike projection on their apical surface, called tubercle. The tip of the tubercle does not appear to be very pointed and is more or less round or blunt. Tubercle areoles have been documented in almost all Chordodes species and they may remain scattered on entire cuticular surface, 11 however, in some species, like C. lasuboni, their abundance has been recorded to differ in different body regions. 8 
Thorn Areoles
Thorn areoles (Figs. 2(a) , (c)) closely resemble tubercle areoles, however, the tip of these areoles is much pointed and appears like a solid and slightly curved thorn. In fact, these areoles originate from a basal structure which is somewhat rounded in structure. Thorn areoles occur quite scattered on the body cuticle and may also be overlooked while examining the small cuticular samples.
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They may also reveal wide variations in their morphology, like a slender and distinctively hook-shaped form has been reported to be a peculiar feature of C. lasuboni, reported from India (Figs. 2(a), (c) ). 8 In addition, the thorn areoles may also reveal a different distribution pattern in different regions of the body, like in some cases they have been found densely scattered in the posterior region of male specimens.
Bulging Areoles
Bulging areoles (Fig. 2(a) ) are distinctly elevated above the simple areoles. They occur isolated or in small clusters among the simple areoles. Due to a close resemblance in structure with crowned areoles, they are often distinguishable from them. Likewise, in many cases a clear distinction between simple and bulging areoles may also be difficult due to similarities in their degree of cuticular elevations. They may be oval or slender in shape and their surface may rough or have a small tuft of very short bristles on top. 5 8 Some of the Chordodes species, like C. brasiliensis from Argentina, Brazil and Uruguay and C. polytuberculatus from Costa Rica have been clearly distinguished on the basis of typical slender bulging areoles on their surface, besides other characters. 12 17 Recently, Schmidt-Rhaesa and Yadav, using SEM, also described C. lasuboni as a new species from Northeast India on the basis of typical distribution pattern of slender bulging areoles ( Fig. 2(a) ), besides others distinguishing features, such as the presence of hooked thorn areoles and a distinctly different cuticular pattern at the anterior end. On the basis of length of filaments these areoles may further be classified into two types: short-filaments crowned areoles (Figs. 1(c), 2(b) ) and long filament crowned areoles ( Fig. 1(d) ). Since, crowned areoles are unique only to Chordodes species, their topography and typical distribution pattern (i.e., dimorphism, occurrence in clusters, etc.) is considered important in taxonomy of Chordodes species. For example, crowned areoles may show a sexual dimorphism in their distribution. Zanca and Villalobos 10 reinvestigated the C. moutoni materials from China by SEM and observed that female worm shows two different types of crowned areoles, with distinct distribution pattern, while the male has only one type of crowned areoles. Likewise, the short and long-crowned areoles may also reveal different distribution pattern on dorsal and ventral surfaces of body. 11 
Circumcluster Areoles
These are elevated areoles (Fig. 2(b) ) which are present surrounding the crowned areoles in a circular faishon. The circumcluster areoles may contain a tuft of tentacles or tiny bristles at their tip (Fig. 3(b) ). Their total numbers, in a circular form, height, and nature of apical surface has been found to vary from species to species. Therefore, the nature of circumcluster areoles may also constitute an additional distinguishing feature in Chordodes species.
Cuticular Patterns of Anterior and Posterior Regions of Body
In addition to the above described types of areoles, the anterior and posterior regions of gordiids also reveal several interesting cuticular features which are considered important in species determination. For example, in C. lasuboni the simple areoles of anterior region possess several hair-like projections (Fig. 2(d) ). 8 Likewise, in C. mizoramensis the cuticle near cloacal region possesses several long, slender bristles ( Fig. 3(C) ). 5 However, in the lateral sides of body, these slender bristles are replaced by prominently elevated conical areoles which bears an apical tuft of bristles (Fig. 3(D) ). 5 
HOW THE SEM HAS HELPED IN DIFFERENTIATION OF CHORDODES SPECIES
In the recent past, using SEM, it was possible to study the cuticular patterns of many Chordodes species in finer details and distinguish them from other closely related Chordodes species. 3 5 8 For example, C. mizoramensis, which was described as a new species of horsehair worm from North-East India, was distinguished from its congeners using SEM. In this Chordodes species, the apical filaments of the crowned areoles were observed to be branched several times (Figs. 3(a), (b) ), a pattern that was not recorded previously in any other Chordodes species. 5 Likewise, the light microscopic descriptions of some Chordodes species have also been adequately supplemented using SEM. Schmidt-Rhaesa and Yadav 3 investigated two Chordodes specimens, obtained from a praying mantis in India, using LM and SEM for species determination. The observed characteristics of studied specimens were found to be very close to those of C furnessi, which was reported by Montgomery from Borneo. 3 However, the SEM observations of Indian Chordodes specimens revealed another additional type of areoles which contained quite longer and thicker apical filaments. However, due to problems in relocating the type specimen for reinvestigation, the authors could not assign these specimens to a new species and reported them as Chordodes cf. furnessi. In a similar manner, Zanca and Villavoris 10 redescribed C. moutoni specimens from China using SEM and compared them with the original description of Camerono 18 as well as with re-desciption of same species by Camerono in 1897 19 and added occurrence of crowned areoles with long filaments in females as an additional areolar type. In the same manner, C. brevipilus which was described as a new from Australia showed very close resemblance to C. shipleyi from Borneo. 20 However, C. brevipilus was found to be lacking long apical filaments on the crowned areoles and spines that were detected in C. shipleyi. 20 On the basis of above-mentioned examples, it may be assumed that in many cases the light microscopy may fail to reveal minute diagnostic characters of Chordodes species and therefore SEM emerge out to be a useful tool to elucidate the fine surface topography and differentiating the Chordodes species.
SEM SAMPLE PREPARATION AND OBSERVATION OF CUTICULAR SURFACE
To study the Chordodes specimens by SEM, the standard SEM protocols may be followed. But, since the cuticle of these worms is quite thick, they may also be fixed in 70% ethanol or 3-5% formalin. Chordodes specimens are quite large in size, but for species differentiation only about 3-5 mm long anterior and posterior ends of their body, together with two 3-5 mm long pieces from two different areas of mid-body region, may be cut and processed for SEM. Since the distribution of cuticular areoles in gordiids has been found to differ between body regions, the mounting of materials on stubs should be such so that the dorsal, ventral and lateral surfaces of specimen can be clearly examined. While viewing the specimens under SEM, the pattern of areoles should be carefully checked along the longitudinal axis as well as around the circumference of specimen. 9 
HOW TO OBSERVE THE NATURE OF CUTICULAR PATTERNS
The individual anterior, posterior and middle region pieces of nematomorph specimen should be scanned both at low and high magnifications so as to carefully observe the different types of areoles and their spatial distribution on cuticular surface. Likewise, special attention should be paid to study the cuticular pattern of male specimen. Accordingly, an ideal description of species belonging to the genus Chordodes should carefully take into account the following issues:
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-The different types of areoles present on worm's surface. Usually one or several of the above-mentioned types of areoles may be present or absent, but it should be thoroughly ensured if any other type(s) of areoles are also present.
-The nature of simple areoles has been considered important in the differentiation of many Chordodes species. Therefore, their shape, size and nature of surface should be appropriately illustrated. Likewise, presence or absence of bulging areoles, their occurrence i.e., isolated or in clusters, and height should be documented.
-The presence or absence of cirumcluster areoles should be checked. The nature of circumcluster areoles, i.e., whether they are short or long in height and the type of bristles present should also be accounted in a suitable manner.
-The topography of crowned areoles is considered very important in the genus Chordodes. Therefore, the shape of crowned areoles, comment about their stem where from they arise, and length of their filaments, i.e., long or short, should carefully be taken into account. It has also been noted that distribution and nature of crowned areoles may also follow a different pattern in males and females, therefore comment should also be made about their sexual dimorphism, if any.
SEM OF NON-ADULT STAGES OF GORDIIDS
Owing to several practical difficulties in collecting freeliving adult gordiid worms in large geographical areas, in the recent years, some novel approaches have been made by Bolek and co-workers 21 to collect the non-adult stages of Chordodes, which are considered more common in the environment. Studying these non-adult stages (i.e., the larvae and cysts from snails) by SEM, Bolek et al. 21 have demonstrated that these non-adult forms also possess some generic morphological features which may be useful in nematomorph species identification, and for discovering the hidden biodiversity of this group. Likewise, Chiu and co-workers 22 from Taiwan have also used the same approach and described the characteristic SEM surface features of the larvae of C. formosanus. However, more research is necessary in this direction to understand the typical fine surface features of non-adult stages of more gordiid species, using SEM, which may also prove to be useful in their species differentiation in near future.
CONCLUSION
The genus Chordodes constitutes as the largest group under the phylum Nematomorpha. Chordodes species have been distinguished using a range of morphological characters. However, the types of areoles and their cuticular distribution patterns have been considered as the most important features. In the past, many Chordodes species have been described using light microscopy alone. However, using LM, the nature of their cuticular pattern could not be elucidated in detail, which has very often resulted into ambiguities in their proper identification. In the recent years, scanning electron microscopy has proven to be a useful tool in studying the cuticular armature of these worms. Using SEM, many detailed descriptions and reinvestigations of Chordodes species have been made successfully, which have revealed very delicate differences in shape or size of their surface areoles and has greatly helped in their taxonomy. Although, molecular genetic methods provide taxonomy with a powerful tool, however, in context of gordiids, these tools have just begun to be applied only in case of few gordiid species. Therefore, until more nematomorph species are studied using molecular techniques, it is expected that SEM could serve as a valuable tool to contribute significantly to the taxonomy and biodiversity of this group.
